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(57) The display matrix section 200 has pixel circuits 
21 0 arranged in the form of a matrix, a plurality of gate 
lines Y1, Y2 ... that extend in the row direction, and a 
plurality of data lines X1 , X2 . that extend in the column 
direction. The scan lines are connected to a gate driver 
300, and the data lines are connected to a data line driv- 
er 400, A pre-charging circuit 600 or additional current 
generation circuit is installed for each data line as means 
for accelerating the charging or discharging of the data 
line. For each data line, charging or discharging is ac- 
celerated by pre-charging or current addition prior to the 
completion of the setting of the light emission level in 
the corresponding pixel circuit 210, A judgment circuit 
is provided, which judges the need to use the accelera- 
tion feature based on the amount of variation in current 
which will be caused by the variation in the data signal 
on the data lines. 
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Description 

[0001] The present invention relates to a technique for 
driving data lines used in control of unit circuits, such as 
pixel circuits of a display device. 
[0002] In recent years, electro-optical devices using 
organic EL elements (organic electroluminescent ele- 
ments) have been under development. Organic EL ele- 
ments emit light themselves, and do not require back 
lighting. Accordingly, it is expected that such elements 
will make it possible to achieve display devices that have 
a lower power consumption, high visual field angle and 
high contrast ratio. Furthermore, in the present specifi- 
cation, the term "electro-optical device" refers to a de- 
vice that converts an electrical signal into light. A typical 
example of an electro-optical device is a device that con- 
verts an electrical signal expressing an image into light 
representing an image; such a device is especially suit- 
able as a display device. 

[0003] Fig. 1 is a block diagram which illustrates the 
general structure of a display device using organic EL 
elements. This display device has a display matrix sec- 
tion 120, a gate driver 130, and a data line driver 140. 
The display matrix section 120 has a plurality of pixel 
circuits 110 that are arranged in the form of a matrix, 
and an organic EL element 1 1 4 is disposed in each pixel 
circuit 11 0. A plurality of data lines X1 , X2 ... that extend 
along the column direction of the matrix, and a plurality 
of gate lines Y1 , Y2 ... that extend along the row direc- 
tion of the matrix, are respectively connected to the ma- 
trix of the pixel circuits 110. 

[0004] In cases where a large display panel is con- 
structed using the configuration shown in Fig. 1, the 
electrostatic capacitance Cd of each data line is fairly 
large. When the electrostatic capacitance Cd of the data 
lines is large, considerable time is required to drive the 
data lines. It has been very difficult to construct a large 
display panel using organic EL elements because the 
large number of organic EL elements require very high 
driving speed. 

[0005] The above mentioned problem is not limited to 
display devices using organic EL elements, but is also 
common to display devices and electro-optical devices 
using current-driven light-emitting elements other than 
organic EL elements. Furthermore, this problem is not 
limited to light-emitting elements, but is also common to 
general electronic devices using current-driven ele- 
ments that are driven by an electric current. 
[0006] Accordingly, an object of the present invention 
to shorten the driving time of data lines used in unit cir- 
cuits. 

[0007] In order to attain the above and other related 
objects of the present invention, there is provided an 
electro-optical device which is driven by an active matrix 
driving method. The electro-optical device comprises: a 
unit circuit matrix in which a plurality of unit circuits each 
having a light-emitting element and a circuit for adjusting 
an emission level of light to be emitted by the light-emit- 



ting element are arranged in the form of a matrix; a plu- 
rality of scan lines which are respectively connected to 
the unit circuits, and which are arranged along a row 
direction of the unit circuit matrix; a plurality of data lines 

s which are respectively connected to the unit circuits, and 
which are arranged along a column direction of the unit 
circuit matrix; a scan line driving circuit, connected to 
the plurality of scan lines, for selecting one row of the 
unit circuit matrix; a data signal generating circuit for 

io generating a data signal in accordance with the emis- 
sion level of the light to be emitted by the light-emitting 
element, and outputting the data signal onto at least one 
data line among the plurality of data lines; and a charg- 
ing/discharging accelerating section which is capable of 

15 accelerating charging or discharging of a data line 
through which the data signal is supplied to at least one 
unit circuit that is present in the row selected by the scan 
line driving circuit. 

[0008] In one embodiment of the present invention, 
20 the charging/discharging accelerating section includes 
a pre-charging circuit that is capable of pre-charging the 
plurality of data lines. The charging/discharging accel- 
erating section may include an additional current gen- 
eration circuit for adding a current value to a current val- 
25 ue of the data signal that corresponds to the emission 
level of the light to be emitted by the light-emitting ele- 
ment. 

[0009] According to another aspect of the present in- 
vention, an electronic device comprises: a plurality of 

30 current-driven elements whose operation is controlled 
according to a current value of the current flowing 
through the element; data lines for supplying a data sig- 
nal that defines an operating state of a current-driven 
element; a data signal generating circuit for outputting 

35 the data signal to the data lines; and a charging/dis- 
charging accelerating section configured to accelerate 
charging or discharging of a data line through which the 
data signal is supplied to the current- driven element. 
[0010] The present invention is also directed to an 

40 electro-optical device comprising: a current generating 
circuit for generating a current in response to an input 
signal; unit circuits each including an electro-optical el- 
ement; data lines for supplying a current to each unit 
circuit; and accelerating means for accelerating varia- 

45 tion in the current which is to be caused by variation in 
the input signal. 

[0011] In one embodiment, an electro-optical device 
includes a current generating circuit for generating a 
current in response to an input signal; unit circuits each 

50 including an electro-optical element; and data lines for 
supplying a current to each unit circuit. The electro-op- 
tical device is driven by causing a current value of the 
current to vary from a first current value to a second cur- 
rent value in response to variation in the input signal 

55 through a plurality of periods with different rates of var- 
iation in the current value overtime. 
[0012] The present invention is further directed to an 
electro-optical device comprising: a current generating 
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circuit for generating a current in response to an input 
signal; unit circuits each including an electro-optical el- 
ement; data lines for supplying a current to each unit 
circuit; and resetting means for resetting charges of a 
data line when the current on the data line is varied in 
response to the input signal. 

[0013] These and other objects, features, aspects, 
and advantages of the present invention will become 
more apparent from the following detailed description of 
the preferred embodiments with the accompanying 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[001 4] Fig. 1 is a block diagram which shows the gen- 
eral structure of a display device using organic EL ele- 
ments. 

[0015] Fig. 2 is a block diagram which shows the 
structure of a display device as one embodiment of the 
present invention. 

[0016] Fig. 3 is a block diagram which shows the in- 
ternal structure of the display matrix section 200 and da- 
ta line driver 400. 

[0017] Fig. 4 is a circuit diagram which shows the in- 
ternal structure of a pixel circuit 21 0 in the first embod- 
iment. 

[0018] Figs. 5(a)-5(d) are timing charts which show 
the ordinary operation of a pixel circuit 210 in the first 
embodiment. 

[0019] Fig. 6 is a circuit diagram which shows the in- 
ternal structure of a single-line driver 41 0 in the first em- 
bodiment. 

[0020] Figs. 7(a)-7(c) are explanatory diagrams which 
show the variation in the current value during the pro- 
gramming period Tpr in a case where an additional cur- 
rent generation circuit 430 is utilized. 
[0021 ] Figs. 8(a)-8(c) are explanatory diagrams which 
show the variation in the charge quantity Qd of the data 
line Xm during the programming period Tpr. 
[0022] Figs. 9(a) and 9(b) are graphs which show the 
relationship of a emission level G of light emitted by the 
organic EL element, a programming current Im and a 
charge quantity Qd of the data line. 
[0023] Fig. 10 is a block diagram which shows the 
structure of a display device as a second embodiment 
of the present invention. 

[0024] Fig. 1 1 is a circuit diagram which shows the in- 
ternal structure of a pixel circuit 21 0a in the second em- 
bodiment. 

[0025] Figs. 12(a)-12(d) are timing charts which 
shows the ordinary operation of a pixel circuit 210a in 
the second embodiment. 

[0026] Fig. 1 3 is a circuit diagram which shows a sin- 
gle-line driver 41 a in the second embodiment. 
[0027] Figs. 14(a) and 14(b) are graphs which show 
the relationship of the emission level G of the light emit- 
ted by the organic EL element, the programming current 
Im and the charge quantity Qd of the data line in the 
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second embodiment. 

[0028] Figs. 15(a)-15(c) are explanatory diagrams 
which show the variation of the charge quantity Qd of 
the data line Xm during the programming period Tpr in 
5 the second embodiment. 

[0029] Fig. 1 6 is a circuit diagram which shows a sin- 
gle-line driver 41 0b in a third embodiment of the present 
invention. 

[0030] Figs. 17(a)-17(c) are explanatory diagrams 
10 which show the operation of the programming period 
Tpr in a case where the additional current generation 
circuit 430a of a third embodiment is utilized. 
[0031] Fig. 18 is a block diagram which shows the 
structure of a display device as a fourth embodiment of 
is the present invention. 

[0032] Figs. 19(a)-19(d) are explanatory diagrams 
which show the operation of the programming period in 
the fourth embodiment. 

[0033] Figs. 20(a)-20(c) are explanatory diagrams 
20 which illustrate a modification of the pre-charging peri- 
od. 

[0034] Figs. 21 (a)-21 (c) are explanatory diagrams 
which illustrate a modification of the pre-charging peri- 
od. 

25 [0035] Fig. 22 is a block diagram which illustrates a 
modification of the layout of the pre-charging circuit. 
[0036] Fig. 23 is a block diagram which illustrates a 
modification of the layout of the pre-charging circuit. 
[0037] Fig. 24 is a block diagram which illustrates a 

30 modification of the layout of the pre-charging circuit. 
[0038] Fig. 25 is a block diagram which illustrates a 
modification of the layout of the pre-charging circuit. 
[0039] Fig. 26 is a block diagram which illustrates a 
modification of the layout of the pre-charging circuit. 

35 [0040] Fig. 27 is a perspective view which shows the 
structure of a personal computer as one example of 
electronic equipment to which the display device of the 
present invention is applied. 

[0041] Fig. 28 is a perspective view which shows the 
40 structure of a cellular phone as one example of electron- 
ic equipment to which the display device of the present 
invention is applied. 

[0042] Fig. 29 is a perspective view which shows the 
structure of the back side of a digital still camera as one 

45 example of electronic equipment to which the display 
device of the present invention is applied. 
[0043] Fig. 30 is a block diagram which shows the 
structure of a magnetic RAM device as another embod- 
iment of the present invention. 

so [0044] Fig. 31 is an explanatory diagram which shows 
the schematic structure of a magnetic RAM. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

55 [0045] Preferred embodiments of the present inven- 
tion will be described in the following order: 

A. First Embodiment (Current Addition 1) 
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B. Second Embodiment (Current Addition 2) 

C. Third Embodiment (Current Addition 3) 

D. Modifications Utilizing Current Addition 

E. Fourth Embodiment (Pre-Charging) 

F. Modifications Relating to Timing of Pre-Charging 

G. Modifications Relating to Disposition of 
Pre-Charging Circuit 

H. Examples of Application to Electronic Equipment 

I. Other Modifications 

A. First Embodiment (Current Addition 1) 

[0046] Fig. 2 is a block diagram which shows the 
schematic structure of a display device as a first embod- 
iment of the present invention. This display device has 
a controller 1 00, a display matrix section 200 (also called 
a "pixel section"), a gate driver 300, and a data line driver 
400. The controller 100 generates gate driving signals 
and data line driving signals that are used to perform 
displays on the display matrix section 200, and respec- 
tively supplies these signals to the gate driver 300 and 
data line driver 400. 

[0047] Fig. 3 shows the internal structure of the dis- 
play matrix section 200 and data line driver 400. The 
display matrix section 200 has a plurality of pixel circuits 
21 0 that are arranged in the form of a matrix, and each 
of these pixel circuits 210 has an organic EL element 
220. There are provided a plurality of data lines Xm (m 
= 1 through M) that extend along the column direction 
of the matrix, and a plurality of gate lines Yn (n = 1 
through N) that extend along the row direction of the ma- 
trix, and they are respectively connected to the matrix 
of the pixel circuits 210. The data lines are also referred 
to as "source lines", and the gate lines are also referred 
to as "scan lines". Furthermore, in the present specifi- 
cation, the pixel circuits 21 0 are also referred to as "unit 
circuits" or "pixels." The transistors inside the pixel cir- 
cuits 21 0 are typically constructed as Thin Film Transis- 
tors. 

[0048] The gate driver 300 selectively drives one of 
the plurality of gate lines Yn, and selects one row of pixel 
circuits. The data line driver 400 has a plurality of single- 
line drivers 41 0 that are used to drive the respective data 
lines Xm. These single-line drivers 41 0 supply data sig- 
nals to the pixel circuits 21 0 via the respective data lines 
Xm. When the internal functions (described later) of the 
pixel circuits 210 are set in accordance with these data 
signals, the current values that flow through the organic 
EL elements 220 are controlled in accordance with 
these settings; as a result, the emission level of the light 
emitted by the organic EL elements 220 is controlled. 
[0049] The controller 1 00 ( Fig. 2) converts display da- 
ta (image data) that represents a display state of the 
pixel region 220 into matrix data that expresses the 
emission levels of the light emitted by the respective or- 
ganic EL elements 220. This matrix data includes gate 
line driving signals that are used for the successive se- 
lection of one row of pixel circuits, and data line driving 
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signals that indicate the levels of the data line signals 
that are supplied to the organic EL elements in the se- 
lected row of pixel circuits. The gate line driving signals 
and data line driving signals are respectively supplied 
5 to the gate driver 300 and data line drive 400. The con- 
troller 100 also controls the timing of the driving of the 
gate lines and data lines. 

[0050] Fig. 4 is a circuit diagram which shows the in- 
ternal structure of a pixel circuit 210. This pixel circuit 

w 21 0 is disposed at the intersection point of the m-th data 
line Xm and n-th gate line Yn. The gate line Yn includes 
two sub-gate lines V 1 and V2 in this embodiment. 
[0051 ] The pixel circuit 21 0 is a current-program type 
circuit that adjusts the emission level of the organic EL 

15 element 220 in accordance with the current value that 
flows through the data line Xm. In concrete terms, this 
pixel circuit 210 has four transistors 211 through 21 4 and 
a storage capacitor 230 (also called a "memory capac- 
itor") in addition to the organic EL element 220. The stor- 

20 age capacitor 230 holds an electric charge correspond- 
ing to a current of the data signal that is supplied via the 
data line Xm. In this way, the storage capacitor is used 
to adjust the emission level of the light emitted by the 
organic EL element 220. Specifically, the storage capac- 

25 jtor 230 corresponds to a voltage holding means for 
holding a voltage that corresponds to the current that 
flows through the data line Xm. The first through third 
transistors 211 through 213 are n-channel type FETs, 
and the fourth transistor 214 is a p-channel type FET 

30 The organic EL element 220 is a current injection type 
(current-driven type) light-emitting element similar to a 
photodiode; accordingly, this element is indicated by a 
diode symbol here. 

[0052] The source of the first transistor 211 is con- 
35 nected to the drain of the second transistor 212, the 
drain of the third transistor 213, and the drain of the 
fourth transistor 214. The drain of the first transistor 211 
is connected to the gate of the fourth transistor 214. The 
storage capacitor 230 is coupled between the source 
40 and gate of the fourth transistor 214. The source of the 
fourth transistor is also connected to the power supply 
voltage Vdd. 

[0053] The source of the second transistor 21 2 is con- 
nected to the single-line driver 41 0 (Fig. 3) via the data 
45 line Xm. The organic EL element 22 is connected be- 
tween the source of the third transistor 213 and the 
ground voltage. 

[0054] The gates of the first and second transistors 
211 and 212 are connected in common to the first sub- 

so gate line V1 . The gate of the third transistor 21 3 is con- 
nected to the second sub-gate line V2. 
[0055] The first and second transistors 211 and 212 
are switching transistors that are used in accumulating 
charges into the storage capacitor 230. The third tran- 

55 sistor 21 3 is a switching transistor that is maintained in 
an "on" state during the light emission period of the or- 
ganic EL element 220. The fourth transistor 21 4 is a driv- 
ing transistor that is used to adjust the cu rrent value that 
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flows through the organic EL element 220. The current 
value of the fourth transistor 214 is controlled by the 
charge quantity (accumulated charge quantity) that is 
held in the storage capacitor 230. 
[0056] Figs. 5(a)-5(d) are timing charts showing the 
ordinary operation of the pixel circuit 210. There are 
shown the voltage level of the first sub-gate line V 1 
(hereafter also referred to as the "first gate signal V1"), 
the voltage level of the second sub-gate line V2 (here- 
after also referred to as the "second gate signal V2"), 
the current value lout of the data line Xm (hereafter also 
referred to as the data signal lout"), and the current val- 
ue IEL that flows through the organic EL element 220. 
[0057] The driving period Tc is divided into a program- 
ming period Tpr and a light emission period Tel. Here, 
the "driving period Tc" refers to a period in which the light 
emission levels, or gradation levels, of all of the organic 
EL elements 220 in the display matrix section 200 are 
updated one at a time, and is the same as a so-called 
"frame period". The updating of emission levels is per- 
formed for each row of pixel circuits; the emission levels 
of N rows of pixel circuits are successively updated dur- 
ing the driving period Tc. For example, in a case where 
the emission levels of all of the pixel circuits are updated 
at 30 Hz, the driving period is approximately 33 ms. 
[0058] The programming period Tpr is a period in 
which the light emission levels of the organic EL ele- 
ments 220 are set inside the pixel circuits 210. In the 
present specification, the setting of the emission levels 
in the pixel circuits 21 0 is called "programming". For ex- 
ample, in a case where the driving period Tc is approx- 
imately 33 ms, and the total number N of gate lines Yn 
is 480 lines, the programming period Tpr is about 69 \is 
(= 33 ms/480) or less. 

[0059] In the programming period Tpr, the second 
gate signal V2 is first set at the L level, and the third 
transistor 21 3 is maintained in an "off" state. Next, while 
a current value Im that corresponds to the light emission 
level is caused to flow through the data line Xm, the first 
gate signal V1 is set at the H level, and the first and 
second transistors 211 and 212 are switched to an "on" 
state. The single-line driver 41 0 (Fig. 4) of this data line 
Xm functions as a constant current source that causes 
a constant current value Im corresponding to the light 
emission level to flow. As is shown in Fig. 5(c), this cur- 
rent value Im is set at a value that corresponds to the 
light emission level of the organic EL element 220 within 
a specified current value range Rl. 
[0060] Accordingly, the storage capacitor 230 is to 
hold a charge corresponding to the current value Im that 
flows through the fourth transistor 214 (driving transis- 
tor). As a result, the voltage stored in the storage capac- 
itor 230 is applied across the source and gate of the 
fourth transistor 214. In the present specification, the 
current values Im of the data signals used in the pro- 
gramming operation are called "programming current 
values Im". 

[0061 ] When the programming is completed, the gate 
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driver 300 sets the gate signal V1 at the L level, and 
switches the first and second transistors 211 and 21 2 to 
an "off' state; furthermore, the data line driver 400 stops 
the data signal lout. 
5 [0062] In the light emission period Tel, the second 
gate signal V2 is set at the H level to put the third tran- 
sistor 213 in an "on" state while the first gate signal V1 
is maintained at the L level to put the first and second 
transistors 211 and 212 in an "off" state. Since a voltage 
io that corresponds to the programming current value Im 
has been stored beforehand in the storage capacitor 
230, a current that is about the same as the program- 
ming current value Im flows through the fourth transistor 
21 4. Accordingly, a current that is about the same as the 
is programming current value Im also flows through the or- 
ganic EL element 220, so that light is emitted at a spe- 
cific level that corresponds to this current value Im. A 
pixel circuit 210 of the type in which the voltage (i. e., 
charge) of the storage capacitor 230 is written by the 
current value Im is called a "current-programmable cir- 
cuit". 

[0063] Fig. 6 is a circuit diagram which shows the in- 
ternal structure of one of the single-line drivers 41 0. This 
single-line driver41 0 is equipped with a data signal gen- 
erating circuit 420 (also called a "control current gener- 
ator" or "current generating circuit"), and an additional 
current generation circuit 430 (also called an "additional 
current generator"). The data signal generating circuit 
420 and additional current generation circuit 430 are 
connected in parallel between the data line Xm and the 
ground. 

[0064] The data signal generating circuit 420 has a 
structure in which N series connections 421 of a switch- 
ing transistor 41 and a driving transistor 42 are connect- 
ed in parallel, where N is an integer equal to or greater 
than 2. In the example shown in Fig. 6, N is 6. A refer- 
ence voltage Vrefl is applied in common to the gates of 
the six driving transistors 42. The ratio of the gain coef- 
ficients p of the six driving transistors 42 is set at 1 : 2 : 
4 : 8: 1 6 : 32. As is well known, the gain coefficient (3 is 
defined as p = (nC 0 W/L). Here, u, is the carrier mobility, 
C 0 is the gate capacitance, W is the channel width, and 
L is the channel length . Each of the six driving transistors 
42 functions as a constant current source. Since the cur- 
rent driving capacity of a transistor is proportional to the 
gain coefficient p, the ratio of the current driving capac- 
ities of the six driving transistors 42 is 1 : 2 ; 4 : 8 : 1 6 : 
32. 

[0065] The on/off switching of the six switching tran- 
sistors 41 is controlled by a 6-bit data driving signal Dda- 
ta (also called an "input signal") that is supplied from the 
controller 100 (Fig. 2). The least significant bit of the da- 
ta driving signal Ddata is supplied to the series connec- 
tion 421 with the smallest gain coefficient P (i. e., to the 
series connection in which the relative value of p is 1), 
and the most significant bit is supplied to the series con- 
nection 421 with the largest gain coefficient p (i. e., to 
the series connection in which the relative value of p is 
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32). As a result, the data signal generating circuit 420 
functions as a current source that generates a current 
value Im that is proportional to the value of the data driv- 
ing signal Ddata. The value of the data driving signal 
Ddata is set at a value that indicates the emission level 5 
of the light to be emitted by the organic EL element 220. 
Accordingly, a data signal with a current value Im that 
corresponds to the emission level of the light to be emit- 
ted by the organic EL element 220 is output from the 
data signal generating circuit 420. 
[0066] The additional current generation circuit 430 is 
constructed by the series connection of a switching tran- 
sistor 43 and a driving transistor 44. A reference voltage 
Vref2 is applied to the gate electrode of the driving tran- 
sistor 44. The on/off switching of the switching transistor 
43 is controlled by an additional current control signal 
Dp supplied from the controller 1 00. When the switching 
transistor 43 is in an "on" state, a predetermined addi- 
tional current Ip corresponding to the reference voltage 
Vref2 is output on the data line Xm from the additional 
current generation circuit 430. 
[0067] Figs. 7(a)-(c) are explanatory diagrams which 
show the variation of the current value in the program- 
ming period Tpr (Fig. 5) in a case where the additional 
current generation circuit 430 is used. At the point in time 
t1 , the data signal generation circuit 430 begins to output 
the programming current Im, and the additional current 
generation circuit 430 also begins to output the addition- 
al current Ip; in this case, the current value lout that is 
output from the single-line driver 41 0 is the sum of the 
programming current tm and the additional current Ip, 
(Im + Ip). In the period t2 to t4 after the addtional current 
Ip is stopped at the point in time t2, only the program- 
ming current Im constitutes the output current of the sin- 
gle-line driver 41 0. For example, the period t1 to t2 dur- 
ing which the additional current Ip flows is set at a period 
that is equal to approximately the initial 1 /4 of the period 
t1 to t4 during which the programming current Im flows. 
The reason that the period t 1 to t2 during which the 
additional current Ip flows is set equal to the initial stage 
of the period during which the programming current Im 
flows is to suppress the effects of the additional current 
Ip on the light emission level. The value of the additional 
current Ip is set, for example, at about a mean value of 
the maximum value and minimum value of the program- 
ming current Im. 

[0068] To be more accurate, the output current lout 
shown in Fig. 7(a) indicates the current driving capability 
of the single-line driver 41 0, and the actual current value 
Is on the data line Xm varies as indicated by the solid 
line in Fig. 7(b). Specifically, at the point in time t1, a 
transiently large current flows; however, this current 
gradually decreases, and approaches the current value 
(Im + Ip). When the additional current generation circuit 
430 is switched "off" at the point in time t2, the actual 
current Is decreases even further. However, after the 
point in time t2, since the current value itself is small, 
the rate at which the data line capacitance Cd (Fig. 3) 



is charged or discharged drops; as a result, the variation 
rate of the current is smaller than in the period from t1 
to t2. Furthermore, at the point in time t3, the actual cur- 
rent value Is decreases to the programming current val- 
ue Im, and this programming current value Im is main- 
tained during the period from t3 to t4. Accordingly, the 
pixel circuit 21 0 is programmed by the correct program- 
ming current value Im within the programming period 
Tpr. 

[0069] The utilization of such an additional current Ip 
can be also viewed as "the operation that varies the pro- 
gramming current value Im f rom a first current value dur- 
ing the programming of the previous line to a second 
current value during the programming of the present 
line, through a plurality of periods (i. e., the period from 
t1 to t2 and the period from t2 to t3 in Fig. 7(a)) with 
different rates of variation in the current value overtime". 
Furthermore, this variation from a first current value to 
a second current value is performed via a third current 
value (Im + Ip) that is the sum of the programming cur- 
rent Im during the present programming and the addi- 
tional current Ip. 

[0070] The one-dot chain line shown in Fig. 7(b) indi- 
cates the variation in the actual current value in a case 
in which an additional current Ip is not used, so that the 
current driving capability of the single-line driver 41 0 is 
fixed (Fig. 7(c)). In this case, the current value in the 
period from t1 to t2 is small compared to a case in which 
an additional current Ip is used; consequently, the vari- 
ation rate of the current is also smaller. Accordingly, 
there may be cases in which the actual current Is does 
not reach the programming current value Im even at the 
point in time t4 at which programming is to be complet- 
ed. In such cases, there is a possibility that the pixel 
circuit 210 will not be programmed to the correct emis- 
sion level. Or, the problem of a need to extend the pro- 
gramming period Tpr in order to achieve correct pro- 
gramming may arise. On the other hand, if an additional 
current Ip is used, correct programming can be accom- 
plished within the programming period Tpr. 
[0071 ] Figs. 8(a)-8(c) are explanatory diagrams which 
show the variation of the charge quantity Qd of the data 
line Xm during the programming period Tpr. Figs. 8(a)- 
8(c) show the operation of Figs. 7(a)-7(c) from the 
standpoint of electric charge. To be more accurate, the 
points in time t 1 and t4 shown in Fig. 7(c) correspond 
to the points in time at which the level of the first gate 
signal V1 changes as shown in Fig. 8(a). 
[0072] Generally, before the programming of the n-th 
row of pixel circuits is initiated, the charge QcO of the 
data line Xm depends on the programming current value 
Im of the data line Xm in the programming of the (n - 1 ) 
th row of pixel circuits. Figs. 9(a) and 9(b) show the re- 
lationship of the light emission level G of organic EL el- 
ement, the current value Im of the data line Xm (i. e. , the 
programming current value) and the charge quantity Qd 
of the data line. In the circuit structure of the first em- 
bodiment, the current Im tends to increase with an in- 
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crease in the light emission level G (L e., with an in- 
crease in the brightness), and the charge quantity Qd of 
the data line (i. e., the voltage Vd) tends to decrease 
with an increase in the emission level G. At the lowest 
emission level Gmin, the charge quantity Qd corre- 
sponds to a voltage that is close to the power supply 
voltage Vdd, and at the highest emission level Gmax, 
the charge quantity Qd corresponds to a voltage that is 
close to the ground voltage. Furthermore, in the exam- 
ple shown in Fig. 8(c), a case is envisioned in which the 
programming current value Im in the programming of the 
immediately preceding row (i. e., the (n - 1)th row) is 
relatively large, so that the charge quantity QdO prior to 
the initiation of the present programming is relatively 
small. 

[0073] When programming is initiated at the point in 
time t1 in Figs. 8(a)-8(c), the data line Xm is charged or 
discharged by the output current lout (= Im + Ip) of the 
single-line driver 41 0, so that the charge quantity Qd in- 
creases at a relatively high rate. When the additional 
current Ip is eliminated at the point in time t2, the charg- 
ing/discharging rate drops, and the variation in the 
charge quantity Qd also becomes more gradual. How- 
ever, at the point in time t3 in the programming period 
Tpr, the charge quantity reaches Qdm that corresponds 
to the desired programming current value Im. 
[0074] As may be seen from the above description, 
the additional current generation circuit 430 functions as 
a charging/discharging accelerating section that is used 
to accelerate the charging or discharging of the data line 
Xm. In the present specification, the term "acceleration 
of charging or discharging" refers to an operation that 
accelerates charging or discharging so that charging or 
discharging of the data line is completed in a shorter 
time than charging or discharging of the data line by the 
original desired current value alone (i. e., the program- 
ming current value Im in the case of the present embod- 
iment). The additional current generation circuit 430 
may also be viewed as a circuit that functions as an ac- 
celerating means for accelerating the variation in the 
current according to the variation in the data signal, or 
as a resetting means for resetting the charge quantity 
of the data line Xm to a specified value. 
[0075] As is shown by the one-dot chain line in Fig. 8 
(c), the charging/discharging rate is maintained at a low 
rate in cases where there is no additional current Ip, so 
that in this example, the charge quantity does not reach 
the charge quantity Qdm corresponding to the desired 
programming current value Im even at the end t4 of the 
programming period Tpr. Accordingly, there is a high 
possibility that programming to the correct light emission 
level by supplying the correct programming current Im 
to the pixel circuit 21 0 cannot be achieved. 
[0076] Thus, in the present embodiment, correct pro- 
gramming of the pixel circuit 21 0 can be accomplished 
by accelerating the charging or discharging of the data 
line using the additional current Ip, The programming 
time can be shortened, instead, so that the speed of the 



driving control of the organic EL element 220 can be in- 
creased. 

[0077] The acceleration of the charging or discharg- 
ing of the data line using the additional current Ip is typ- 
5 ically performed for all of the data lines Xm contained in 
the pixel circuit matrix. However, it is also possible to 
devise the system so that the acceleration of the charg- 
ing or discharging of these data lines using the addition- 
al current Ip is selectively performed for only some of 
10 the data lines among the plurality of data lines contained 
in the pixel circuit matrix. For example, in a case where 
the charge quantity QdO (Fig. 8(c)) of the m-th data line 
Xm at the time that programming is initiated is sufficient- 
ly close to the charge quantity Qdm corresponding to 
15 the desired programming current Im, the additional cur- 
rent Ip need not be used. In concrete terms, for the re- 
spective data lines, the controller 1 00 may compare the 
programming current value in the (n - 1)th row with the 
programming current value in the n-th row, and if the 
20 difference is less than a specified threshold value, the 
controller 100 may judge that the additional current Ip 
will not be utilized during the programming of the n-th 
row. Furthermore, the value of the additional current Ip 
may be varied in accordance with the difference in these 
25 programming current values. In other words, it is possi- 
ble to devise the system so that it comprises a means 
for determining the current value of the additional cur- 
rent Ip in accordance with the difference between the 
previous value and present value of the programming 
30 current value Im, and a means for supplying the deter- 
mined additional current value Ip to the respective data 
lines Xm. In this structure, the additional current value 
Ip can be used more effectively, so that an increased 
driving speed can be promoted. 
35 [0078] Alternatively, it is also possible to judge that the 
additional current Ip will be utilized only in cases where 
the present programming current value Im is smaller 
than a specified threshold value, and that the additional 
current Ip will not be utilized in cases where the pro- 
40 gramming current value Im is larger than the threshold 
value. The reason for this is as follows: namely, in cases 
where the programming current value is large, the 
charging or discharging of the data lines Xm can be per- 
formed with a sufficient speed, so that the desired pro- 
45 gramming current value Im can be obtained at a suffi- 
ciently high speed without using the additional current 
IP- 

[0079] Instead of this, it is also possible to utilize the 
additional current Ip only in cases where the present 
so programming current value (second current value) is 
smaller than the previous programming current value 
(first current value) and the sum of the present program- 
ming current value Im and additional current value Ip 
(this sum being the third current value) is smaller than 
55 the previous programming current value. These three 
current values can also be set in various other relation- 
ships. For example, the third current value may also be 
a current value that is intermediate between the first cur- 
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rent value and second current value. Furthermore, it 
would also be possible to set the absolute value of the 
current variation rate over time from the first current val- 
ue to the third current value at a value that is larger than 
the absolute value of the current variation rate overtime 
from the third current value to the second current value. 
Moreover, it would also be possible to set the absolute 
value of the difference between the first current value 
and the third current value at a value that is greater than 
the absolute value of the difference between the third 
current value and the second current value. 
[0080] It is desirable that the above mentioned judg- 
ment as to whether or not to utilize the additional current 
Ip be performed for each data line. However, if the ad- 
ditional current Ip is always utilized regardless of the val- 
ue of the programming current during the programming 
of the immediately preceding row, the advantage of sim- 
plified control of the display device as a whole Is ob- 
tained. 

[0081] Thus, in the present first embodiment, accu- 
rate programming can be accomplished in a short time 
by applying an additional current Ip to the programming 
current Im in the initial stage of the programming period. 
Alternatively, the programming period can be short- 
ened, so that the speed of the driving control of the or- 
ganic EL elements 220 is increased. In particular, an in- 
crease in the speed of the driving control is required in 
cases where the size or resolution of the display panel 
is increased; accordingly, the above mentioned effects 
are more valuable in large display panels and high-res- 
olution display panels. 

B. Second Embodiment (Current Addition 2) 

[0082] Fig. 10 is a block diagram which shows the 
schematic structure of a display device as a second em- 
bodiment of the present invention. This display device 
differs from the first embodiment in that a data line driver 
400a is installed on the side of the power supply voltage 
Vdd. Furthermore, as will be described below, the inter- 
nal structure of the single-line drivers 410a and the in- 
ternal structure of the pixel circuits 21 0 also differ from 
those of the first embodiment. 
[0083] Fig. 1 1 is a circuit diagram which shows the in- 
ternal structure of one pixel circuit 210a. This pixel cir- 
cuit 210a is a so-called Sarnoff type current-program- 
mable circuit. This pixel circuit 210a has an organic EL 
element 220, four transistors 241 through 244, and a 
storage capacitor 230. Furthermore, the four transistors 
are p-channel type FETs. 

[0084] The first transistor 241 , storage capacitor 230 
and second transistor 242 are connected in series in this 
order to the data line Xm. The drain of the second tran- 
sistor 242 is connected to the organic EL element. The 
first sub-gate line V 1 is connected in common to the 
gates of the first and second transistors 241 and 242. 
[0085] A series connection of the third transistor 243, 
fourth transistor 244 and organic EL element 220 is in- 



terposed between the power supply voltage Vdd and the 
ground. The drain of the third transistor 243 and the 
source of the fourth transistor 244 are connected to the 
drain of the first transistor. The second gate line V2 is 
5 connected to the gate of the third transistor 243. The 
gate of the fourth transistor 244 is connected to the 
source of the second transistor 242. The storage capac- 
itor 230 is connected between the source and gate of 
the fourth transistor 244. 

[0086] The first and second transistors 241 and 242 
are switching transistors that are used in accumulating 
a desired charge in the storage capacitor 230. The third 
transistor 243 is a switching transistor that is maintained 
in an "on" state during the light emission period of the 
organic EL element 220. The fourth transistor 244 is a 
driving transistor that is used to control the current value 
that flows through the organic EL element 220. The cur- 
rent value of the fourth transistor 244 is controlled by 
the charge quantity that is held in the storage capacitor 
230. 

[0087] Figs. 12(a)-12(d) are timing charts that shows 
the ordinary operation of the pixel circuit 21 0a of the sec- 
ond embodiment. In this operation, the logic of the gate 
signals V1 and V2 is inverted from the operation of the 
first embodiment shown in Figs. 5(a)-5(d). Furthermore, 
in the second embodiment, as may be seen from the 
circuit structure shown in Fig. 1 1 , a programming current 
Im flows through the organic EL element 220 via the first 
and fourth transistors 241 and 244 during the program- 
ming period Tpr. Accordingly, in the second embodi- 
ment, the organic EL element also emits light during the 
programming period Tpr. Thus, in the programming pe- 
riod Tpr, the organic EL element 220 may emit light, or 
may not emit light as in the first embodiment. 
[0088] Fig. 13 is a circuit diagram that shows one of 
the single-line drivers 410a of the second embodiment. 
This single-line driver 410a is connected to the power 
supply voltage (Vdd) side of the data line Xm. As a re- 
sult, this embodiment differs from the first embodiment 
shown in Fig. 6 in that the driving transistor 42 of the 
data signal generating circuit 420a and the driving tran- 
sistor 44 of the additional current generation circuit 430a 
are both constructed from p-channel type FETs. The re- 
maining structure is the same as that of the first embod- 
iment. 

[0089] Figs. 14(a) and 14(b) show the relationship of 
the emission level G of the light emitted by the organic 
EL element, the current value Im of the data line Xm and 
the charge quantity Qd of the data line in the second 
embodiment. In the second embodiment, conversely 
from the first embodiment, the single-line drivers 410a 
are installed on the power supply voltage (Vdd) side of 
the data lines Xm; accordingly, the relationship between 
the emission level G and charge quantity Qd (i. e., volt- 
age Vd) of each data line Xm is the inverse of that in the 
first embodiment. Specifically, the charge quantity Qd (i. 
e., the voltage Vd) of each data line tends to rise as the 
emission level G increases (i. e., as the brightness in- 
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creases). At the lowest emission level Gmin, the charge 
quantity Qd corresponds to a voltage that is close to the 
ground voltage, while at the highest emission level 
Gmax, the charge quantity Qd corresponds to a voltage 
that is closed to the power supply voltage Vdd. 
[0090] Figs. 15(a)-15(c) are explanatory diagrams 
that show the variation of the charge quantity Qd of each 
data line Xm during the programming period Tpr in the 
second embodiment. This variation is essentially the 
same as the variation in the first embodiment shown in 
Figs. 8(a)-8(c). However, the fact that the charge quan- 
tity QdO prior to the initiation of programming in Fig. 1 5 
(c) is relatively small means that (conversely from the 
first embodiment) the programming current value Im in 
the programming of the immediately preceding row (i. 
e., the (n - 1)th row) is relatively small. 
[0091 ] The display device of this second embodiment 
has effects similar to those of the first embodiment. Spe- 
cifically, accurate programming of the pixel circuits 21 Oa 
can be accomplished in a short time by adding an addi- 
tional current Ip to the programming current Im in the 
initial stage of the programming period Tpr. The pro- 
gramming time can be shortened, instead, so that the 
speed of the driving control of the organic EL elements 
220 can be increased. 

C. Third Embodiment (Current Addition 3) 

[0092] Fig. 16 is a circuit diagram that shows one of 
the single-line driver circuits 41 Ob in a third embodiment 
of the present invention. The data signal generating cir- 
cuit 420 inside this single-line driver 410b is the same 
as that of the first embodiment shown in Fig. 6; however, 
the structure of the additional current generation circuit 
430b differs from that of the first embodiment. Specifi- 
cally, this additional current generation circuit 430b has 
two sets of series connections of a switching transistor 
43 and driving transistor 42, and these series connec- 
tions are connected in parallel with each other. For ex- 
ample, the ratio of the gain coefficients c of the two driv- 
ing transistors 44 is set at 1 : 2. The additional current 
control signal Dp is a two-bit signal in this embodiment. 
In cases where this additional current generation circuit 
430b is used, the additional current value Ip can be ar- 
bitrarily set at any of four levels corresponding to the 
four values 0 through 3 that can be represented by the 
additional current control signal Dp. 
[0093] Figs. 17(a)-17(c) are explanatory diagrams 
that show the operation during the programming period 
Tpr in a case where the additional current generation 
circuit 430b of the third embodiment is utilized. Here, the 
additional current value Ip varies from a higher first level 
Ip2 to a lower second level Ip1 . As a result, there is a 
possibility that the data lines can be charged or dis- 
charged more quickly than in the first embodiment or 
second embodiment. As may be seen from this exam- 
ple, in cases where an additional current is utilized, the 
system may be arranged so that the additional current 



value is varied in two or more stages, thus varying the 
output current lout of the data lines Xm in three or more 
stages. 

[0094] In a case where the additional current genera- 
5 tion circuit 430b of Fig. 1 6 is used, as in the case of the 
first embodiment, the level of the additional current val- 
ue Ip can be determined in accordance with the pro- 
gramming current value for the immediately preceding 
row and the programming current value for the present 
io row. If this is done, then appropriate additional current 
values that are suited to the programming current values 
can be selectively utilized. 

[0095] It should be noted here that the additional cur- 
rent generation circuit 430b utilizing multiple additional 
'5 current values Ip can be applied to the second embod- 
iment. 

D. Modifications Utilizing Current Addition 

20 Modification D1: 

[0096] The additional current generation circuit need 
not be installed within the single-line driver 410; this cir- 
cuit may be installed in some other position as long as 
25 the circuit is connected to the corresponding data line 
Xm. Furthermore, instead of installing one additional 
current generation circuit for each data line Xm, it is also 
possible to install one additional current generation cir- 
cuit commonly for a plurality of data lines. 

30 

. Modification D2: 

[0097] It would also be possible to arrange the system 
so that no additional current generation circuit is in- 

35 stalled, and so that a current value that is larger than 
the programming current value Im is generated by the 
data signal generation circuit 420 during the initial stage 
of the programming period, and the current value is then 
switched to the programming current value Im after a 

40 specified period of time has elapsed. 

[0098] As may be seen from the respective embodi- 
ments and modifications described above, it is generally 
sufficient to cause a current that is larger than the pro- 
gramming current value Im to flow through the data lines 

45 in the initial stage of the programming period when an 
additional current is utilized. By doing this, it is possible 
to accelerate the charging or discharging of the data 
lines, so that accurate programming and high-speed 
driving are possible. 

50 

E. Fourth Embodiment (Pre-Charging) 

[0099] Fig. 1 8 is a block diagram which illustrates the 
structure of a display device as a fourth embodiment of 
55 the present invention. In this display device, a pre- 
charging circuit 600 is installed for each of the data lines 
Xm (m = 1 through M) of the display device of the first 
embodiment shown in Fig. 3. The remaining structure is 
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the same as that shown in Fig. 3. However, the electro- 
static capacitance Cd of the data lines is omitted for the 
sake of convenience of illustration. Furthermore, circuit- 
ry that does not have an additional current generation 
circuit 430 (Fig. 6) may be used as the single-line drivers 
410. 

[0100] Pre-charging circuits 600 are respectively con- 
nected to each data line Xm in a position between the 
display matrix section 200 and the data line driver 400. 
These pre-charging circuits 600 are each constructed 
from a series connection of a pre-charging power supply 
Vp which is a constant voltage source, and a switching 
transistor 610. In this example, the switching transistor 
610 is an n-channel type FET, and the source of this 
transistor is connected to the corresponding data line 
Xn. A pre-charging control signal Pre is input in common 
to the gate of each switching transistor 61 0 form the con- 
troller 1 00 (Fig. 2). The voltage of the pre-charging pow- 
er supply Vp is set, for example, at the driving power 
supply voltage Vdd (Fig. 4) of the pixel circuits 21 0. How- 
ever, a power supply circuit that allows arbitrary adjust- 
ment of the pre-charging voltage Vp may also be em- 
ployed. 

[0101] The pre-charging circuits 600 are used to 
shorting the time required for programming by perform- 
ing charging or discharging of the respective data lines 
Xm prior to the completion of programming. In other 
words, the pre-charging circuits 600 function as charg- 
ing/discharging accelerating sections that are used to 
accelerate the charging or discharging of the data lines 
Xm. Furthermore, the pre-charging circuits 600 may al- 
so be viewed as circuits that function as accelerating 
means for accelerating the variation in the current that 
accompanies the variation in the data signals, or as re- 
setting means for resetting the charge quantities of the 
data lines Xm to specified values. 
[0102] Figs. 19(a)-19(d) are explanatory diagrams 
which show the operation during the programming pe- 
riod Tpr in the fourth embodiment. In this example, the 
pre-charging control signal Pre is at the H level during 
the period from t11 to t12 prior to the execution of pro- 
gramming in the period from t13 to t15, so that pre- 
charging or pre-discharging is performed by the pre- 
charging circuits 600 during this period. As a result of 
this pre-charging, the charge quantities Qd of the data 
lines Xm reach a specific value corresponding to the 
pre-charging voltage Vp (Fig. 18). In other words, the 
data lines Xm reach a voltage that is more or less equal 
to the pre-charging voltage Vp. Afterward, when pro- 
gramming is performed in the period from t1 3 to t1 5, the 
charge quantities Qd of the data lines Xn reach a charge 
quantity Qdm corresponding to the desired program- 
ming current value Im at the point in time t14 within the 
programming period Tpr. 

[0103] The one-dot chain line in Fig. 19(d) indicates 
the variation in the charge quantities in a case where no 
pre-charging or additional current is utilized. In this 
case, the charge quantities of the data lines do not reach 



a charge quantity Qdm corresponding to the desired 
programming current value Im even at the end of the 
programming period Tpr. Accordingly, there is a possi- 
bility that programming to the correct emission levels by 

5 supplying the correct programming current Im to the pix- 
el circuits 210 cannot be accomplished. 
[0104] Thus, in the present embodiment, the correct 
light emission levels can be set for the pixel circuits 21 0 
by the pre-charging which accelerates the charging or 

10 discharging of the data lines. 

[0105] In cases where the data line driver 400 is in- 
stalled on the ground voltage side of the data lines Xm, 
the charge quantities Qd of the data lines increase with 
a decrease in the programming current value Im as is 

15 shown in Figs. 9(a) and 9(b) above, so that the voltage 
Vd is also large. In this case, it is desirable that the pre- 
charging voltage Vp be set at a relatively high voltage 
level corresponding to the relatively small programming 
current value Im (i. e., the relatively low light emission 

20 level). 

[01 06] On the other hand, in cases where the data line 
driver 400 is installed on the power supply voltage side 
of the data lines Xm, the charge quantities Qd of the 
data lines decrease with a decrease in the programming 

25 current value Im as is shown in Fig. 14(a)-14(c) above, 
so that the voltage Vd is also small. In this case, it is 
desirable that the pre-charging voltage Vp be set at a 
relatively low voltage level corresponding to the relative- 
ly small programming current value Im (i. e., the rela- 

30 tively low light emission level). 

[0107] In concrete terms, it is desirable that the pre- 
charging voltage Vp be set so that the data lines can be 
pre-charged to a voltage level corresponding to a low 
light emission range equal to or lower than the center 

35 value of the light emission level. In particular, it is desir- 
able to set the pre-charging voltage Vp so that the data 
lines can be pre-charged to a voltage level correspond- 
ing to a light emission level in the vicinity of the lowest 
non-zero light emission level. Here, the term "a light 

40 emission level in the vicinity of the lowest non-zero light 
emission level" refers to, for example, a range of 1 to 1 0 
in a case where the overall range is 0 to 255. If this is 
done, then programming can be performed at a suffi- 
ciently high speed even in cases where the program- 

45 ming current value Im is small. 

[0108] As in the case of the respective embodiments 
and modifications using an additional current described 
above, the judgment as to whether or not to perform pre- 
charging can also be made in accordance with the pro- 

so gramming current value for the immediately preceding 
row and the programming current value for the present 
row. For example, in a case where the charge quantity 
QdO (Fig. 1 9(c)) of the m-th data line Xm at the time that 
programming is initiated is sufficiently close to the de- 

55 sired programming current Im, pre-charging need not be 
performed for this data line Xm. Alternatively, it would 
also be possible to judge that pre-charging will be uti- 
lized only in cases where the present programming cur- 
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rent value Im is smaller than a specified threshold value, 
and that pre-charging will not be utilized in cases where 
the present programming current value Im is greater 
than this threshold value. The reason for this is as fol- 
lows: namely, in cases where the programming current 
value Im is large, the charging or discharging of the data 
lines Xm can be performed at a sufficiently high speed; 
accordingly, the desired programming current value Im 
can be reached even if pre-charging is not performed. 
[0109] Furthermore, in cases where a judgment is 
made as to whether or not pre-charging should be per- 
formed for each data line, pre-charging can be per- 
formed selectively. However, if pre-charging is always 
performed for all of the data lines, the advantage of sim- 
plification of the control of the overall display device is 
obtained. 

[0110] Incidentally, a color display device is ordinarily 
equipped with pixel circuits of the three color compo- 
nents R, G and B. In this case, it is desirable to construct 
the device so that the pre-charging voltage Vp can be 
independently set for each color. In concrete terms, it is 
desirable to provide three pre-charging power supply 
circuits so that respectively appropriate pre-charging 
voltages Vp can be set for the R data line, B data lines 
and G data lines. Furthermore, in cases where pixel cir- 
cuits of three color components are connected to the 
same data line, it is desirable to use a variable power 
supply circuit that allows alteration of the output voltage 
as the pre-charging power supply circuit. If the system 
is devised so that pre-charging voltages Vp can be set 
separately for the respective colors, the pre-charging 
operation can be performed more efficiently. 

F. Modifications Relating to Timing of Pre-Charging 

[0111] Figs. 20(a)-20(c) are explanatory diagrams 
which show a modification of the pre-charging period. 
In this example, the period Tpc during which the pre- 
charging signal Pre is "on" (also called the "pre-charging 
period Tpc") is extended to a time that overlaps with the 
initial stage of the period during which the first gate sig- 
nal V 1 is "on". In this case, the two switching transistors 
211 and 212 used to charge or discharge the storage 
capacitor 230 (Fig. 4) are in an "on" state during the lat- 
ter half of the pre-charging period Tpc; consequently, 
this storage capacitor 230 can be pre-charged at the 
same time as the data line Xm. Accordingly, in cases 
where the electrostatic capacitance of the storage ca- 
pacitor cannot be ignored relative to the electrostatic ca- 
pacitance Cd of the data line Xm, the time required for 
the subsequent return to programming can be short- 
ened. 

[01 1 2] On the other hand, if the system is devised so 
that pre-charging is performed prior to the initiation of 
actual programming as shown in Figs. 19(a)-19(d), the 
effect of pre-charging on the accumulated charge quan- 
tity of the storage capacitor can be suppressed to an 
even lower level. 



[0113] It should be also noted, in Figs. 20(a)-20(c), 
the programming current Im is maintained at 0 until the 
pre-charging period Tpc is completed. The reason for 
this is as follows: if the programming current Im is 
s caused to flow during the pre-charging period Tpc, a 
portion of this current will also flow through the pre- 
charging circuits 600, so that wasteful power consump- 
tion results. However, in cases where the amount of 
power consumed by this operation is negligible, the sys- 
tem may be devised so that the programming current Im 
flows during the pre-charging period Tpc. 
[0114] Figs. 21(a)-21(c) are explanatory diagrams 
which illustrate another modification of the pre-charging 
period. In this example, the pre-charging period Tpc is 
initiated after the first gate signal V 1 has been switched 
"on". In this case as well, the storage capacitor 230 can 
be pre-charged at the same time as the data line Xm. In 
this example as well, it is desirable that the programming 
current Im be maintained at 0 until the pre-charging pe- 
riod Tpc is completed. 

[0115] As may be seen from the above description, 
the pre-charging period may be set prior to the period 
during which the programming of the pixel circuits is per- 
formed (example of Figs. 1 9(a)-1 9(c)), or may be set as 
a period that includes a portion of the initial stage of the 
period during which the programming of the pixel circuits 
is performed (e. g., as in the cases illustrated in Figs. 20 
(a)-20(c) and 21 (a)-21 (c)). Here, the term "period dur- 
ing which programming is performed" refers to a period 
in which the gate signal V 1 is in an "on" state, and the 
switching transistors that connect the data line Xm and 
storage capacitor 230 (e. g., 211 and 212 in Fig. 4) are 
in an "on" state. In other words, it is desirable that pre- 
charging be performed during a specified pre-charging 
period prior to the completion of the programming peri- 
od. If this is done, the pre-charging is performed prior to 
the completion of the accumulation of a charge (storage 
of a voltage) in the storage capacitor 230; accordingly 
deviation of the accumulated charge quantity of the stor- 
age capacitor 230 from the desired value due to pre- 
charging can be prevented. 

G. Modifications Relating to Layout of Pre-Charging 
Circuit 

[0116] Figs. 22 through 25 shows various modifica- 
tions of the layout of the pre-charging circuits 600. In the 
example shown in Fig. 22, a plurality of pre-charging cir- 
cuits 600 are installed within the display matrix section 
200b. This structure is obtained by adding the pre- 
charging circuits 600 to the display matrix section 200 
of the first embodiment shown in Fig. 3. In the example 
shown in Fig. 23, a plurality of pre-charging circuits 600 
are installed within the data line driver 400c. The exam- 
ple shown in Fig. 24 is also an example in which a plu- 
rality of pre-charging circuits 600 are installed within the 
display matrix section 200d. The structure shown in Fig. 
24 is obtained by adding the pre-charging circuits 600 
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to the display matrix section 200a of the second embod- 
iment shown in Fig. 1 0. In the example shown in Fig. 25, 
a plurality of pre-charging circuits 600 are installed with- 
in the data line driver 400e. The operations of the circuits 
shown In Figs. 22 through 25 are more or less the same 
as the operation of the above mentioned fourth embod- 
iment. 

[0117] In cases where the pre-charging circuits 600 
are installed within the display matrix section 200 as in 
the examples shown in Figs. 22 and 24, the pre-charg- 
ing circuits 600 are also constructed from TFTs similar 
to those of the pixel circuits. On the other hand, in cases 
where the pre-charging circuits 600 are installed outside 
the display matrix section 200, for example, the pre- 
charging circuits 600 can be constructed from TFTs in- 
side a display panel that contains the display matrix sec- 
tion 200, or pre-charging circuits 600 can be formed in- 
side an IC that is separate from the display matrix sec- 
tion 200. 

[0118] Fig. 26 shows an example of another display 
device equipped with a pre-charging circuit 600. In this 
display device, instead of the plurality of single-line driv- 
ers 410 and plurality of pre-charging circuits 600 used 
in the structure shown in Fig. 23, a single single-line driv- 
er 41 0, a single pre-charging circuit 600 and a shift reg- 
ister 700 are installed. Furthermore, switching transis- 
tors 250 are installed for each data line of the display 
matrix section 200f . One terminal of each switching tran- 
sistor 250 is connected to the corresponding data line 
Xm, and the other terminal is connected in common to 
the output signal line 411 of the single-line driver 410. 
The pre-charging circuit 600 is also connected to this 
output signal line 41 1 . The shift register 700 supplies on/ 
off control signals to the switching transistors 250 of the 
respective data lines Xm; as a result, the data lines Xm 
are successively selected one at a time. 
[01 19] In this display device, the pixel circuits 21 0 are 
updated in point succession. Specifically, only one pixel 
circuit 210, which is located at the intersection point of 
one gate line Yn selected by the gate driver 300 and one 
data line Xm selected by the shift register 700, is updat- 
ed in a single programming pass. For example, M pixel 
circuits 210 on the n-th gate line Yn are successively 
programmed one at a time; then, after this programming 
is completed, the M pixel circuits 10 on the next (n + 1) 
th gate line are programmed one at a time. In contrast, 
in the respective embodiments and modifications de- 
scribed above, the operation differs from that of the dis- 
play device shown in Fig. 26 in that one row of pixel cir- 
cuits are programmed at the same time (i. e., in line suc- 
cession). 

[0120] In cases where programming of the pixel cir- 
cuits is performed in point succession in the manner of 
the display device shown in Fig. 26, as in the case of 
the above mentioned fourth embodiment, correct pro- 
gramming of the pixel circuits 210 can be accomplished 
by pre-charging the data lines prior to the completion of 
the programming of the respective pixel circuits, or, the 



speed of the driving control of the organic EL elements 
220 can be increased by shortening the programming 
time. 

[0121] A feature that the device shown in Fig. 26 

5 shares with the above mentioned embodiments and 
modifications is that the pre-charging circuit 600 can ac- 
celerate the charging or discharging of a plurality of data 
lines Xm (m = 1 through M). However, the pre-charging 
circuit 600 shown in Fig. 26 does not charge or dis- 

10 charge a plurality of data lines simultaneously; instead, 
this pre-charging circuit 600 can only charge or dis- 
charge the data lines one at a time. As may be seen 
from this description, the expression "can accelerate the 
charging or discharging of a plurality of data lines" as 

is used in the present specification does not refer only to 
cases in which the circuit can accelerate the charging 
or discharging of a plurality of data lines simultaneously, 
but also includes cases in which the circuit can acceler- 
ate the charging or discharging of a plurality of data lines 

20 one at a time in succession. 

[0122] In the example of Fig. 26, the pre-charging of 
data lines is performed in a display device in which pro- 
gramming is performed in point succession. However, 
the above mentioned additional current generation cir- 

25 cuit may also be utilized as a means for accelerating the 
charging or discharging of the data lines in such a de- 
vice. For example, the single-line driver 410 shown in 
Fig. 26 has the circuit structure shown in Fig. 6; accord- 
ingly, an additional current Ip can be generated using 

30 the additional current generation circuit 430. However, 
there is no need to construct the circuit so that both pre- 
charging and an additional current can be simultaneous- 
ly utilized; a circuit structure that allows the utilization of 
one or the other is sufficient. 

35 

H. Examples of Application to Electronic Equipment 

[0123] The above mentioned display devices utilizing 
organic EL elements can be applied to various types of 
40 electronic equipment such as mobile personal comput- 
ers, cellular phones, and digital still cameras. 
[0124] Fig. 27 is a perspective view of a mobile type 
personal computer. The personal computer 1000 is 
equipped with a main body 104 that has a keyboard 
45 1010, and a display unit 1 060 that uses organic EL ele- 
ments. 

[0125] Fig. 28 is a perspective view of a cellular 
phone. This cellular phone 2000 is equipped with a plu- 
rality of operating buttons 2020, a receiver2040, a trans- 
so mitter 2060, and a display panel 2080 using organic EL 
elements. 

[0126] Fig. 29 is a perspective view of a digital still 
camera 3000. The connections with external devices 
are shown in simplified form. While an ordinary camera 
55 exposes a film by means of a light image of the object 
of imaging, this digital still camera 3000 generates an 
imaging signal by the photo-electric conversion of a light 
image of the object of imaging by means of an imaging 
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element such as a CCD (charge-coupled device). Here, 
a display panel 3040 using organic EL elements is dis- 
posed on the back of the case 3020 of the digital still 
camera 3000, and a display is performed on the basis 
of imaging signals from the CCD. Accordingly, the dis- 
play panel 3040 functions as a finder that displays the 
object of imaging. Furthermore, a light-receiving unit 
3060 that includes an optical lens and a CCD is dis- 
posed on the observation side (back surface side in the 
figure) of the case 3020. 

[0127] Here, when the photographer presses the 
shutter button 3080 while observing an image of the ob- 
ject of imaging displayed on the display panel 3040, the 
imaging signal of the CCD at this point in time is trans- 
ferred and stored in the memory of a circuit board 31 00. 
Furthermore, in this digital still camera, a video signal 
output terminal 3120 and data communications input- 
output terminal 3140 are disposed on the side surface 
of the case 3020. Furthermore, as is shown in the figure, 
a television monitor 4300 is connected to the video sig- 
nal output terminal 31 20, and a personal computer4400 
is connected to the data communications input-output 
terminal 3140, if necessary. Moreover, imaging signals 
stored in the memory of the circuit board 31 00 are output 
to the television monitor 4300 or personal computer 
4400 by specific operations. 

[01 28] Examples of electronic devices other than the 
personal computer shown in Fig. 27, cellular phone 
shown in Fig. 28 and digital still camera shown in Fig. 
29 includes television sets, view findertype and monitor 
direct viewing type video tape recorders, car navigation 
devices, pagers, electronic notebooks, desktop calcula- 
tors, word processors, work stations, television tele- 
phones, POS terminals, and devices with a touch panel. 
The above mentioned display devices using organic EL 
elements may be used as a display section in these var- 
ious types of electronic equipment. 

I. Other Modifications 

Modification 11; 

[0129] Although all of the transistors are constructed 
from FETs in the various embodiments and modifica- 
tions described above, some or all of the transistors may 
be replaced by bipolar transistors or other types of 
switching elements. The gate electrodes of FETs and 
the base electrodes of bipolar transistors correspond to 
the "control electrodes" in the present invention. In ad- 
dition to thin-film transistors (TFTs), silicon base transis- 
tors may also be used as these various types of transis- 
tors. 

Modification 12: 

[01 30] In the various embodiments and modifications 
described above, the display matrix section 200 had a 
single matrix of pixel circuits; however, the display ma- 
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trix section 200 may also have plural matrices of pixel 
circuits. For example, in cases where a large panel is 
constructed, the system may be devised so that the dis- 
play matrix section 200 is divided into a plurality of ad- 
5 jacent regions, and one pixel circuit matrix is installed 
for each region. Furthermore, three pixel circuit matrices 
corresponding to the three colors R, G and B may be 
installed inside one display matrix section 200. In cases 
where a plurality of pixel circuit matrices (a plurality of 
unit circuit matrices) are present, the above mentioned 
embodiments or modifications can be applied to each 
matrix. 

Modification 13: 

[0131] In the pixel circuits used in the various embod- 
iments and modifications described above, the pro- 
gramming period Tpr and light emission period Tel are 
separated as shown in Figs. 5(a)-5(d). However, it is al- 
so possible to use pixel circuits in which the program- 
ming period Tpr is present within a portion of the light 
emission period. In the case of such pixel circuits, pro- 
gramming of the light emission level is performed in the 
initial stage of the light emission period Tel; afterward, 
the light emission continues at the same level. In a de- 
vice using such pixel circuits as well, correct light emis- 
sion levels can be set in the pixel circuits by accelerating 
the charging or discharging of the data lines by an ad- 
ditional current or pre-charging. The programming peri- 
od can be shortened instead so that the speed of the 
driving control of the organic EL elements can be in- 
creased. 

Modification 14: 

[0132] Although the various embodiments and modi- 
fications described above are related to display devices 
with current-programmable pixel circuits, the present in- 
vention can also be applied to display devices that have 
voltage-programmable pixel circuits. In the case of volt- 
age-programmable pixel circuits, programming (setting 
of light emission levels) is performed in accordance with 
the voltage levels of the data lines. Acceleration of the 
charging or discharging of the data lines utilizing an ad- 
ditional current or pre-charging can also be performed 
in a display device that has voltage-programmable pixel 
circuits. 

[0133] However, in the case of display devices that 
use current-programmable pixel circuits, the program- 
ming current value is extremely small when the light 
emission level is low; consequently, there is a possibility 
that considerable time will be required for programming. 
Accordingly, the effect of accelerating the charging or 
discharging of the data lines is more prominent in cases 
where the present invention is applied to display devices 
that use current-programmable pixel circuits. 
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Modification 15: 

[0134] In the various embodiments and modifications 
described above, the emission levels of the light emitted 
by the organic EL elements are adjustable; however, the 
present invention can also be applied to display devices 
in which, for example, a black and white display (two- 
way display) is performed by generating a constant cur- 
rent. Furthermore, the present invention can also be 
used in cases where organic EL elements are driven us- 
ing a passive matrix driving method. However, in the 
case of display devices in which multilevel adjustment 
is possible, and display devices using an active matrix 
driving method, the requirements for increased speed 
of driving are stronger; accordingly, the effect of the 
present invention is more prominent in the case of such 
display devices. Furthermore, the present invention is 
not limited to display devices in which the pixel circuits 
are arranged in the form of a matrix; the present inven- 
tion can also be used in cases where other arrange- 
ments are employed. 

Modifications 16: 

[0135] Although the embodiments and modifications 
described above are directed to display devices using 
organic EL elements, the present invention can also be 
applied to display devices and electronic devices using 
light-emitting elements other than organic EL elements. 
For example, the present invention can also be applied 
to devices that have other types of light-emitting ele- 
ments, such as LEDs and FEDs (field emission dis- 
plays) in which the light emission level can be adjusted 
in accordance with the driving current value. 

Modification 17: 

[0136] The present invention can also be applied to 
other current-driven elements other than light-emitting 
elements. Examples of such current-driven elements in- 
clude magnetic RAM (MRAM). Fig. 30 is a block dia- 
gram showing the structure of a memory device utilizing 
magnetic RAM. 

[01 37] This memory device has a memory cell matrix 
section 820, a word line driver 830, and a bit line driver 
840. The memory cell matrix section 820 has a plurality 
of magnetic memory cells 810 that are arranged in the 
form of a matrix. A plurality of bit lines X1, X2 ... that 
extend along the column direction, and a plurality of 
word lines Y1 , Y2 ... that extend along the row direction, 
are respectively connected to the matrix of the magnetic 
memory cells 810. As may be seen from a comparison 
of this Fig. 30 with Fig. 3 of the first embodiment, the 
memory cell matrix section 810 corresponds to the dis- 
play matrix section 200. Furthermore, the magnetic 
memory cells 810 correspond to the pixel circuits 210, 
the word line driver 830 corresponds to the gate driver 
300, and the bit line driver 840 corresponds to the data 



line driver 400. 

[01 38] Fig. 31 is an explanatory diagram which shows 
the structure of one magnetic memory cell. 810. This 
magnetic memory cell 810 has a structure in which a 

5 barrier layer 813 made of an insulating material is inter- 
posed between two electrodes 811 and 81 2 made of fer- 
romagnetic metal layers. The magnetic RAM is devised 
so that data is stored by utilizing the following phenom- 
enon: namely, when a tunnel current is caused to flow 

10 between the two electrodes 81 1 and 81 2 via the barrier 
layer 81 3, the magnitude of this tunnel current depends 
on the orientations of the magnetizations M1 and M2 of 
the upper and lower ferromagnetic metals. In concrete 
terms, the stored data is judged as "0" or "1" by meas- 

15 uring the voltage (or resistance) between the two elec- 
trodes 811 and 812. 

[0139] One electrode 812 is utilized as a reference 
layer in which the orientation of the magnetization M2 is 
fixed, while the other electrode 811 is utilized as a data 

20 storage layer. For example, the storage of information 
is accomplished by causing a data current Idata to flow 
through the bit line Xm (writing electrode), and varying 
the orientation of the magnetization of the electrode 811 
by means of the magnetic field that is generated in ac- 

25 cordance with this current. The reading of stored infor- 
mation is accomplished by causing a current to flow in 
the opposite direction through the bit line Xm (reading 
electrode), and magnetically reading out the tunnel re- 
sistance or voltage. 

30 [0140] The memory device illustrated in Figs. 30 and 
31 is one example of a device using such magnetic 
RAM, and various magnetic RAM structure and meth- 
ods for recording and reading out information have been 
proposed. 

35 [0141] The present invention can also be applied to 
electronic devices using current-driven elements that 
are not light-emitting elements, such as the above men- 
tioned magnetic RAM. Specifically, the present inven- 
tion can be applied in general to electronic devices using 

40 current-driven elements. 

[0142] Although the present invention has been de- 
scribed and illustrated in detail, it is clearly understood 
that the same is by way of illustration and example only 
and is not to be taken by way of limitation, the spirit and 

45 scope of the present invention being limited only by the 
terms of the appended claims. 



Claims 

50 

1. An electro-optical device which is driven by an ac- 
tive matrix driving method, comprising: 

a unit circuit matrix in which a plurality of unit 
55 circuits are arranged in the form of a matrix, 

each unit circuit including a current-driven light- 
emitting element, in which the light-emission 
level depends on a current value flowing 
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through the element, and a circuit for adjusting 

an emission level of light to be emitted by the 

current-driven light-emitting element; 

a plurality of scan lines which are respectively 

connected to the unit circuits, and which are ar- 5 

ranged along a row direction of the unit circuit 

matrix; 

a plurality of data lines which are respectively 
connected to the unit circuits, and which are ar- 
ranged along a column direction of the unit cir- w 
cuit matrix; 

a scan line driving circuit, connected to the plu- 
rality of scan lines, for selecting one row of the 
unit circuit matrix; 

a data signal generating circuit for generating 1$ 
a data signal in accordance with the emission 
level of the light to be emitted by the current- 
driven light-emitting element, and outputting 
the data signal onto at least one data line 
among the plurality of data lines; character- 20 
ised by: 

a charging/discharging accelerating sec- 
tion which is capable of accelerating charg- 
ing or discharging of a data line through 25 
which the data signal is supplied to at least 
one unit circuit that is present in the row se- 
lected by the scan line driving circuit; and 
a judgment circuitfor judging a need to use 
the accelerating section on the basis of an 30 
amount of the variation in current which is 
to be caused by the variation in the data 
signal. 

2. An electro-optical device comprising: 35 

a current generating circuit for generating a cur- 
rent in response to an input signal; 
unit circuits each including an electro-optical el- 
ement; 40 
data lines for supplying a current to each unit 
circuit; 

accelerating means for accelerating variation in 
the current which is to be caused by variation 
in the input signal; and 45 
a judgment circuit forjudging a need to use the 
accelerating means on the basis of an amount 
of the variation in current which is to be caused 
by the variation in the input signal. 

50 

3. A driving method for an electro-optical device com- 
prising: 



each unit circuit; and 

causing a current value of the current to vary 
from a first current value to a second current 
value in response to variation in the input signal 
through a plurality of periods with different rates 
of variation in the current value over time. 

4. A driving method for an electro-optical device ac- 
cording to claim 3, wherein the operation of causing 
the current value to vary from the first current value 
to the second current value is performed via a third 
current value which is set by a pre-charging circuit 
for setting the data line at a specific voltage. 

5. A driving method for an electro-optical device ac- 
cording to claim 3, wherein the operation of causing 
the current value to vary from the first current value 
to the second current value is performed via a third 
current value which is set by an additional current 
generation circuit which constitutes a portion of cur- 
rent paths of the current that flows through the data 
line. 

6. A driving method for an electro-optical device ac- 
cording to claim 5, wherein the third current value 
is determined as a function of the second current 
value and a current value that flows through the ad- 
ditional current generation circuit. 

7. A driving method for an electro-optical device ac- 
cording to claim 5, wherein the third current value 
is determined as a function of the first current value 
and a current value that flows through the additional 
current generation circuit. 

8. A driving method for an electro-optical device ac- 
cording to any of claims 3 through 7, wherein the 
second current value is smaller than the first current 
value. 

9. A driving method for an electro-optical device ac- 
cording to claim 7, wherein the third current value 
is set between the first current value and the second 
current value. 

10. A driving method for an electro-optical device ac- 
cording to claim 9, wherein an absolute value of the 
rate of variation in the current value over time from 
the first current value to the third current value is 
greater than an absolute value of the rate of varia- 
tion in the current value over time from the third cur- 
rent value to the second current value. 



providing a current generating circuit for gener- 
ating a current in response to an input signal; 55 
providing unit circuits each including an electro- 
optical element; 

providing data lines for supplying a current to 



11. A driving method for an electro-optical device ac- 
cording to claim 1 0, wherein an absolute value of a 
difference between the first current value and the 
third current value is greater than an absolute value 
of a difference between the third current value and 
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the second current value. 

12. A driving method for an electro-optical device ac- 
cording to any of claims 3 through 11 , wherein the 
first current value and the second current value are 5 
current values that correspond to values of the input 
signal. 

13. A driving method for an electro-optical device ac- 
cording to any of claims 3 through 12, wherein a 10 
judgment is made on the basis of a difference be- 
tween the first current value and the second current 
value as to whether or not it is necessary to perform 

the operation of causing the current value to vary 
from the first current value to the second current val- * 5 
ue through a plurality of periods with different rates 
of variation in the current value over time, and if the 
operation is judged to be necessary, the first current 
value is caused to vary to the second current value 
through the plurality of periods. 20 

1 4. An electro-optical device wh ich is driven by the driv- 
ing method according to any of claims 3 through 13. 

15. An electronic device comprising: 25 

a current generating circuit for generating a cur- 
rent in response to an input signal; 
unit circuits each including a current-driven el- 
ement; 30 
data lines for supplying a current to each unit 
circuit; 

accelerating means for accelerating variation in 
the current which is to be caused by variation 
in the input signal; and 35 
a judgment circuit for judging a need to use the 
accelerating means on the basis of an amount 
of the variation in the current which is to be 
caused by the variation in the input signal. 



16. A piece of electronic equipment comprising the 
electro-optical device according to any of claims 1 , 
2 and 14 as a display device. 
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